Introduction

!
Nuclear respiratory factor 2 (NRF2) is one of the two nuclear respiratory factors, which induces mitochondrial biogenesis in a coordinated manner with NRF1 [14, 23] . Many NRF2 target genes have been identified, which extend beyond the respiratory subunits to other classes of genes. This list includes, but is not limited to, the subunits of the five respiratory complexes and assemblies of the respiratory apparatus, constituents of the mitochondrial DNA (mtDNA) transcription and replication machinery, mitochondrial and cytosolic enzymes of the heme biosynthetic pathway, and components of mitochondrial protein import. New information has recently emerged that demonstrates that NRFs play an integrative role in nucleo-mitochondrial interactions [13, 19] . Furthermore, the increased level of NRFs mRNA was aligned with enhanced mitochondrial biogenesis in response to training. NRFs are induced as part of the adaptation of skeletal muscle to exercise [2, 11, 12, 14, 23] . Nuclear respiratory factor 2 is comprised of five subunits (a, b 1 , b 2 , g 1 , g 2 ) which are encoded by two genes, the a gene which is located on 21q21.3, and the b gene that is located on 15q21.2. The evidence from the Heritage Family Study suggests that two potentially useful linkage polymorphisms with DV O 2max had been linked to the chromosomal on 15q21.1 and 21q21.3 [6] . In this regard, NRF2 gene might be viewed as a functional and positional candidate for the susceptibility gene for endurance performance. However, to the best of our knowledge, no information is available concerning the association between NRF2 gene polymorphism and endurance capacity. Hence, the aim of the present study was to examine the genetic association between NRF2 gene and V O 2max and running economy (RE) in an untrained state (baseline) and in response to endurance training (changes) in young Chinese Han population.
Subjects and Methods
!
Subjects
A group of 102 healthy, biologically unrelated, Chinese Han, male police recruits, completed an
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The aim of this work was to examine the association between the polymorphisms in nuclear respiratory factor (NRF2) gene and endurance capacity measured prior to and after an 18-wk endurance training program in young Chinese men. The phenotypes measured were running economy (RE) and V O 2max . The RE was determined by measuring submaximal V O 2 for 5 min at a constant running speed of 12 km • h -1 and V O 2max was measured during an incremental test to volitional exhaustion. Genomic DNA was extracted from white cells of peripheral blood and the genotypes were examined in SNPrs12594956, rs8031031 and rs7181866 by PCR-RFLP. Genotype distributions were in Hardy-Weinberg equilibrium at three loci, and linkage disequilibrium was observed (LD D¢ = 1 and r 2 = 0.903) between rs8031031 and rs7181866. The V O 2max was associated with rs12594956 at baseline while the training response of V O 2 at RE, was associated with rs12594956, rs8031031 and rs7181866. When the three SNPs were considered together, those carrying the ATG haplotype had 57.5% higher training response in V O 2 at RE (p = 0.006) than non-carriers. In conclusion, polymorphisms in NRF2 gene may explain some of the betweenperson variance in endurance capacity. 
NRF2 Genotype Improves Endurance
Endurance training program
Subjects ran 5000 m on a 400 m track, three times per week for 18 wk and were supervised by an exercise specialist and 12 recruit's captains at all times. The intensity of the exercise progressively increased from an initial heart rate (HR) corresponding to 95 % of the individual baseline ventilatory threshold (VT) during the first 10 wk to 105 % during the last 8 wk. To maintain the target HR, subjects wore Polar HR monitors (S810 Polar, Kempele, Finland) during each training run.
RE, VO 2max and VT measurements
Subjects undertook a battery of anthropometric and physiological variables prior to and after the 18-wk exercise training program. Body composition was determined by a combined anthropometric measurement and bioelectrical impedance analysis (BIA-Tanita, Tokyo, Japan). The RE was determined by measuring submaximal V O 2 for 5 min at a constant running speed of 12 km • h -1 [16] (Erich Jaeger Treadmill E6, Hoechberg, Germany) by a automated open-circuit metabolic cart (Mijnhault Oxycon Champion, Jaeger) along with a treadmill. The V O 2 , ventilatory ventilation (V E), respiratory exchange ratio (RER) and HR were measured during the RE test, which were expressed as RE(V O 2 ), RE(VE), RE(RER) and RE(HR). The V O 2max was measured following the RE test and utilized an incremental test commencing at the treadmill speed of 12 km • h -1 and increased 0.5 km • h -1 and 2% gradient each minute until volitional exhaustion. The V O 2max was reached if the following criteria were met simultaneously: a) RER was equal to or higher than 1.10. b) The change rate of V O 2 was less than 5% or 100 ml ). VT was concurrently determined by three validated methods [1, 3, 9, 10, 26] : 1) ventilatory equivalent method, 2) excess carbon dioxide method, and 3) modified V-slope method using 30-s averaged data. A visual evaluation to determine VT was carried out independently by two experienced investigators using these three methods. Additionally, a computer algorithm was developed to establish VT from the V-slope method. The reliability of the techniques, used for LBM, V O 2 , RE, treadmill speed etc., were examined and were characterized by an intraclass correlation coefficient above 0.90 (p < 0.001) for repeated tests. 
Genotype classifications
Briefly, genomic DNA was extracted from white cells of peripheral blood using Wizard Genomic DNA Purification Kit (Promega, Madison, WI, USA). To our knowledge, there has been no study on the function of NRF2 gene polymorphisms, so the rs12594956, rs7181866 and rs8031031 were selected for their high heterozygosity (over 20 %, reference in dbSNP database), which were located in NRF2 beta gene. The primers were designed by Primer 5.0 software based on the sequence NT_010194.16. The primer sequences and polymerase chain reaction-restricted fragment length polymorphism (PCR-RFLP) conditions were shown in l " Table 1 .
Statistical analyses
Data was expressed as Mean ± SD. A c 2 analysis was employed to confirm that the observed genotype frequencies were in HardyWeinberg equilibrium. The associations between endurance performance phenotypes and the three genetic markers were performed by ANOVA using SPSS ® (version 11.5, SPSS Inc., Chicago, IL, USA). Lewontin D¢ and r 2 were estimated by SHEsis software (http://202.120.7.14/analysis/myAnalysis.php) [25] . Haplotype associations were estimated using Haplo.Score (http:// www.biostat.wustl.edu/genetics/geneticssoft) [24] . ) (p < 0.001) with the percent change ranging from -25.0% to 8.0%. Genotype distributions were in Hardy-Weinberg equilibrium at three loci (p > 0.05). In the rs8031031 polymorphism, the frequency of TT genotype was only 0.98 % (only one person), so the TT and TC genotypes were combined and compared with the CC genotypes, as well as rs7181866. Using the pair-wise linkage analysis, we observed that rs7181866 and rs8031031 achieved near complete linkage disequilibrium (LD) (LD D¢ = 1 and r 2 = 0.903). When the three polymorphisms were considered together, three major haplotypes were estimated. There were A rs12 594 956 -C rs8031031 -A rs7181866 (14%), A rs12 594 956 -T rs8031031 -G rs7181866 (16%), and C rs12 594 956 -C rs8031031 -A rs7181866 (68%). ).
DRE(VO
) denotes the training response of RE(VO 2 ) (ml• min
in kg).
The V O 2max is shown in l " Table 2 at baseline and its training response according to genotypes. The rs12594956 polymorphism was associated with V O 2max at baseline, and those carried AA (8%) genotype were significantly higher than AC and CC genotype (p < 0.05). No other association with V O 2max was observed across genotypes or haplotypes at baseline or trainability.
There was no association with RE-related traits at baseline, but association with RE trainability across genotypes was observed at rs12594956, rs8031031 and rs7181866. Those carrying AA (8%), CT (31%) or AG (32 %) genotype had higher training response than the corresponding others (l " Table 3 ). The same tendency was observed with reference to haplotypes (l " Fig. 1 ). The ATG haplotype (l " Table 4 
Discussion
!
The present study demonstrates that the polymorphisms in NRF2 gene are associated with baseline V O 2max and RE response to endurance training in Chinese men. V O 2max and RE are both key determinants of endurance performance. V O 2max is generally used to evaluate the cardio-respiratory function. Many studies have detected the heritability of V O 2max , with maximal heritability estimates accounting for 50 % at baseline and 47% in response to exercise training, respectively [4, 5, 15, 17, 18, 20] . A limited number of candidate genes have been observed with evidence of association or linkage with V O 2max at baseline and its training response [28] . This study suggests that a new gene (NRF2) is associated with V O 2max at baseline. Running economy is typically defined as the energy demand for a given velocity of submaximal running [22] . Only one study has investigated the heritability of RE by using the monozygotic (MZ) and dizygotic (DZ) twin method, but the researchers did not detect any genetic component in RE (V O 2 ) at any of the running speed measured (5, 6, 7 and 8 km • h -1 ) or V O 2max relative to body mass [21] . As to the heritability of V O 2max , it has been well documented [4, 5, 15, 17, 18, 20] . Therefore, it was postulated that the Rodas et al. report was questionable due to, possibly, the limited sample size [21] . The RE trainability in our study was associated with rs12594956, rs8031031 and rs7181866, as well as the haplotype when the three polymorphisms were considered together. So NRF2 gene would be a new gene associated with RE responsiveness. The heritability of RE might represent an important focus for future investigation. The relationship was well documented among V O 2max , RE and trained individuals. There was a strong correlation between RE and distance running performance, with RE being a better predictor of performance than V O 2max in elite runners who had a similar V O 2max [22, 27] . The RE can vary among runners with a similar V O 2max by as much as 30 % [7] and Di Prampero et al. showed that a 5% decrease in RE induced a~3.8% increase in distance running time [8] . The training protocol employed in the present study resulted in change in RE from -25.0 % to 8.0 % with reference to NRF2 gene polymorphisms, and the ATG haplotype carriers had 57.5 % higher decrease in RE(V O 2 ) than non-carriers. Therefore, the NRF2 gene might contribute to superior endurance performance in competitive distance running. We believe this to be the first study to demonstrate the association between NRF2 gene polymorphisms and endurance-related traits. The three SNPs in the present study are located in NRF2 gene intron region and the function is unknown. Currently, the molecular mechanism underlying this association remained unclear, and it is uncertain whether the associated SNPs are functional variants or functional variants within the LD block. Noncoding SNPs of NRF2 gene might regulate the alternative splicing of mRNA, leading to expression difference and hence, affect mitochondrial biogenesis and function. The NRF2 gene might be one of the accumulated genes responsible for endurance performance or might be in linkage diseqilibrium with some other function ploymorphisms in human. An obvious next step is a comprehensive sequencing of this region and functional studies to clarify how the NRF2 gene polymorphisms in intron contribute to endurance capacity at baseline and its response to training. In summary, the data indicated that those who carried AA genotype in rs12594956 had highest V O 2max at baseline and those who carried ATG haplotype had highest RE(V O 2 ) responsiveness to endurance training. Therefore, it was suggested that the NRF2 genotypes may partly explain the person variance in endurance capacity after exercise training in male Chinese Han population. It would be interesting to determine whether this would be the case in a larger population and in other nationalities. 
